The stone crayfish Austropotamobius torrentium (Schrank) is one of five species of crayfish inhabiting waters in the Czech Republic, usually occupying small and medium-sized streams. The stone crayfish is protected by national and European laws. At present, stone crayfish are known to occur in 41 streams in the Czech Republic. For each of these streams, we measured the population density, sex ratio and age structure of the stone crayfish populations. The average population density varied between 0.3-4.72 spms·m −2 , with a maximum estimated population density at some sites reaching 8.6 spms·m −2 . The sex ratio was evaluated only in abundant populations (> 0.5 spms·m −2 ) and it did not significantly vary from the expected rate of 0.5 (0.3-0.72).
INTRODUCTION
The stone crayfish Austropotamobius torrentium (Schrank, 1803) is one of five species of crayfish inhabiting waters of the Czech Republic (Kozák et al., 2002) . Along with the noble crayfish Astacus astacus (L., 1758) , it is considered to be an indigenous species, despite the fact that some think its distribution outside the Danube watershed to be the result of past human activities (Machino and Füreder, 2005; Machino and Holdich, 2006) , and it is included among critically endangered species under legislation no. 395/1992 Sb. of the law no. 114/1992 Sb. In the Danube drainage area, it occurs down to the "Iron Gate" on the Romanian-Serbian border, and is additionally found in the north-east of Switzerland, Hungary, Romania, Greece (Laurent, 1988) , Albania, Slovenia, Bosnia and Hercegovina, Montenegro, Serbia and Ukraine (Machino and Holdich, 2006) , Luxembourg (Troschel, 1999) , Austria and northern Italy (Füreder and Machino, 1999) , Slovakia (Stloukal and Harváneková, 2005) , and was also recently discovered in Turkey (Harlioglu and Güner, 2007) . In Germany, it occurs mainly in Bavaria (Bohl, 1987; Renz and Breithaupt, 1999) , Baden-Württemberg (Kappus et al., 1999) , as well as in Saxony (Martin et al., 2008) . The north-eastern border of its natural range runs through the Czech Republic (Lohniský, 1984b) . The localities inhabited by stone crayfish are often negatively affected by various factors. The primary such factor is the risk from the oomycete parasite Aphanomyces astaci Schikora, 1906 (i.e., crayfish plague) , which is lethal to indigenous European crayfish (Edgerton et al., 2004) . In the past, this disease has caused the extinction of some crayfish populations, and local extinctions still occur at present (Kozák et al., 2002; Kozubíková et al., 2006) . Apart from the crayfish plague, the Czech stone crayfish population is endangered by predation from the American mink Mustela vison Schreber, 1777 and the European otter Lutra lutra (L., 1758) (Fischer et al., 2009) . Canalization of streams and other changes to natural river basins as well as intensive fish farming (Fischer et al., 2004a) are also risk factors. Water pollution is also a great problem, despite recent evidence that the stone crayfish has a greater tolerance to certain pollutants than was thought in the past (Svobodová et al., 2008) . This paper provides data about the population density, sex ratio and basic characteristics of streams inhabited by the stone crayfish in the Czech Republic. These data were collected as part of a stone crayfish population monitoring program as part of Appendix No. III of Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora.
MATERIAL AND METHODS

> DESCRIPTION OF LOCALITIES
The list of observed streams and their basic characteristics is given in the Table I , and their location in the country is depicted in Figure 1 . Monitoring of the stone crayfish populations was carried out at all previously known and new discovered localities in the Czech Republic, i.e. 46 streams. Data comes mostly from population monitoring in the years 2007 and 2008, with some additional data from 2009. Monitoring at each stream took place within 2-5 profiles (depending on the length of the stream), each 100 m long. In each of these stream profiles, three patches 10 m 2 in area were randomly chosen, adequately covering the diversity of habitats in the profile. The mean and maximum depth and width were measured, and all potential shelters were examined by hand. Captured crayfish were kept in containers, sex determined, measured, and separated into five size categories (up to 15 mm, 15-30 mm, 30-60 mm, 60-90 mm, > 90 mm) . Total body lengths were measured with a caliper along the median line of the crayfish bodies, from the anterior end of the rostrum to the posterior end of the telson. The population density was calculated as the sum of captured and observed non-captured crayfish per 30 m 2 profile. For each parameter, the basic descriptive statistics of mean, maximum, minimum, and standard deviation (SD) were calculated. The average sex ratio was calculated as the proportion 
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Figure 1
Observed localities with a recorded occurrence of the stone crayfish Austropotamobius torrentium in the Czech Republic (from CENIA). Novosedlecký brook, 2. Medvědí brook, 3. Radbuza, 4. Zubřina, 5. Kbelský brook, 6. Příchovický brook, 7. Přešínský brook, 8. Chocenický brook, 9. Podhrázský brook, 10. Bradava, 11. Mítovský brook, 12. left of numbers of males to all specimens. These observed sex ratios were compared with expected values using the χ 2 test. Basic geographic parameters of each monitored stream were taken from a map: length of the stream, and altitudes of the source and confluence. In some cases, data on drainage area and average flow at the confluence were taken from a previously published report (Vlček et al., 1984) .
Left tributary of the
RESULTS
In this study, occurrence of the stone crayfish was confirmed at 39 of the 44 monitored streams in the years [2007] [2008] . In 2009, we examined the crayfish population in two additional streams where this species had been newly reported (a tributary of the Novosedlecký brook in theČeský les Mts. (Cehláriková, in verb.) and the Valdecký brook (Franěk, in verb.) ). The average stream length where the stone crayfish was present was 13.3 km (1.9-112 km, SD = 18.7). The average flow at the confluence of 20 localities, mainly larger streams (Vlček et al., 1984) , was 0.445 m 3 ·s −1 (SD = 0.51, median of 0.24 m 3 ·s −1 ). The width of the streams varied between 0.7-7.5 m (average 2.65 m, SD = 1.47), and crayfish were found at depths from 0.01-0.70 m. Streams inhabited by the stone crayfish had source altitudes ranging between 335 m a.s.l. and 720 m. a.s.l. The highest-elevation site where stone crayfish occurred was 640 m a.s.l. at the Bílý brook in the Brdy Mts. (the source of the Bradava river), followed by other sites in the Brdy Mts. at around 600 m a.s.l. and the newly reported tributary of the Novosedlecký stream in theČeský les Mts. at the same altitude. The lowest-elevation site recorded was 235 m a.s.l. at the Zákolanský brook. The majority of streams occupied by the stone crayfish had confluence altitudes between 290-395 m a.s.l., and the lowest was at 168 m a.s.l. At nine observed streams, the stone crayfish A. torrentium was sympatric with the noble crayfish A. astacus (Zubřina, Chocenický brook, Mítovský brook, Bradava river, Příkosický brook, Bzovský brook, Stroupinský brook and Zákolanský brook); at the Padrt'ský brook the stone crayfish was sympatric with both the noble and the narrow-clawed crayfish Astacus leptodactylus. The average density of stone crayfish in the Czech Republic was 1.42 spms·m −2 (0.3-4.72 spms·m −2 , SD = 1.19). It is noteworthy that maximum values found for the 30 m 2 profiles varied between 0.1-8.4 spms·m −2 , while at some smaller patches of about 10 m 2 they were above 8.6 spms·m −2 . The average sex ratio for all streams was 0.48 (ranging from 0.31-0.72) and did not significantly differ from the expected sex ratio of 0.5 (χ 2 = 3.36, p = 0.96). The values of abundance and sex ratio are given in Table II . The largest captured crayfish measured 105 mm (male), and 94 mm (female). Both individuals were captured in the Luční brook below the Giant Mts.
DISCUSSION
At present, stone crayfish are reported to occur in 46 streams in the Czech Republic, though we were unable to confirm its presence at five of these streams. Historically, occurrence of the stone crayfish A. torrentium has been mentioned in the Czech literature many times (e.g. Pecina, 1979; Moucha, 1981; Lenský, 1982; Lohniský, 1984a) , but many of these records may be distorted by possible species confusion. Lohniský (1984b) carried out the first relevant revision of these data, and reported a list of verified occurrences at eight streams (the Luční, Křečovický, Týnecký, Radotínský, Klíčava, Ryšava, Úpořský andŘevnice brooks). Some later data about the possible presence of the stone crayfish remained unverified (Houda and Tichý, 1987; Pešout et al., 1996) . Kozák et al. (2002) examined the existence of the stone crayfish at the Zubřina stream in Domažlicko, which had been previously mentioned byĎuriš and 
P. Vlach et al.: Knowl. Managt. Aquatic Ecosyst. (2009) 394-395, 13 Holzer (1988) . Occurrence of the stone crayfish was also subsequently found in the Padrt'ský stream at an army base in the Brdy Mts. (Fischer, 2000) . Kozák et al. (2002) carried out a revision of known data, and the presence of stone crayfish was verified at four localities (the Luční, Úpořský, Padrt'ský (Klabava), and Zubřina brooks). In the following years the stone crayfish was noted at 16 other localities of the Úslava and Úhlava watersheds in the Brdy Mts. area (Fischer and Fischerová, 2003; Fischer et al., 2004a Fischer et al., , 2004b . Other localities were discovered while mapping the occurrence of crayfish in the Czech Republic during the years 2003 (Chobot, 2006 . In result, the occurrence of the stone crayfish in the Czech Republic has been demonstrated at 41 localities. In the last decade, the number of known localities has increased more than tenfold, and recent new discoveries indicate that this number will probably continue to grow. This number of localities inhabited by the stone crayfish is relatively small compared to adjacent countries; nevertheless, the presence of the stone crayfish in the Czech Republic is likely very important for knowledge about the distribution of this crayfish species. Considering the distribution at the beginning of the 21st century, Machino and Holdich (2006) came to the opinion that the stone crayfish is only indigenous in the Danube watershed, being stocked by humans in other parts of Europe. The isolated and patchy distribution in the Czech Republic known at that time (Kozák et al., 2002) supported this theory. However, the numerous records of isolated, but often abundant populations of the stone crayfish from the Labe watershed, supported by records from Saxony, indicate the probability of relict populations. In the Czech Republic there are also two populations of the stone crayfish which belong to the Danube watershed, as well as populations which create the northern distribution border of this species. The stone crayfish lives primarily in small streams with river beds having natural character (e.g. meanders, large depth variability) (Pöckl, 1999) . It occurs in streams with various substrata types (Pöckl, 1999; Renz and Breithaupt, 2000) , though it prefers coarser bottom material (Streissl and Hödl, 2002b) . In the Czech Republic, it has been found mainly in areas with sand, gravel, pebbles or stone bottoms, but it can even be found in strictly regulated stonelined corridors (the Bradava, Mítovský, and Příchovický (Zlatý) brooks), or in clay bottoms in which it builds burrows (the Chocenický, Zákolanský, and Rakovský brooks). The elevation range of the stone crayfish reported in the literature is varied. Kappus et al. (1999) and Vogt et al. (1999) found stone crayfish at 180-549 m a.s.l. in Baden-Würtenberg, Bohl (1987) at 310-820 m a.s.l. in Bavaria, and Renz and Breithaupt (2000) at 400-500 m a.s.l. in southern Germany. It is worth mentioning the existence of stone crayfish at 510-810 m a.s.l. in Slovenia (Machino, 1997) and probably the highest-elevation population in northern Tyrol, Austria, at 838-1124 m a.s.l. (Füreder and Machino, 1999) . In the Czech Republic, stone crayfish have been reported to live from 335 m a.s.l. in the Křivoklát region to 425 m a.s.l. in foothills of the Giant Mts. (Ďuriš et al., 2001) . In western Bohemia, the stone crayfish was found at altitudes ranging from 360-630 m a.s.l. (Fischer et al., 2004a) . We found the existence of stone crayfish in lower-elevation streams (e.g., the Zákolanský stream with crayfish occurring between 235-265 m a.s.l., the Radotínský stream on the south western edge of Prague at cca 240 m a.s.l., and the Hýskovský stream also at 240 m a.s.l.). The optimum altitude for the species, according to Bohl (1987) , is around 425 m a.s.l. Stone crayfish live in streams with dynamically changing flow. The maximum flow rates found by Bohl (1987) were from 0.2-0.3 m·s −1 , Renz and Breithaupt (1999) found crayfish in streams with flow rates from 0.01 to 0.62 m·s −1 , and 0.15-0.56 m·s −1 (Renz and Breithaupt, 2000) . This coincides with our measured values from 0.1-0.3 m·s −1 . Kappus et al. (1999) reported average flow rates of 0.005-0.015 m 3 ·s −1 for stone crayfish localities in Germany (BadenWürtenberg), and no stone crayfish were found in waters with flow below 0.002 m 3 ·s −1 or above 0.05 m 3 ·s −1 . This is in contrast with the data from our waters, where A. torrentium often lives in lower-elevation sections of intermediately sized streams with flow above 0.5 m 3 ·s −1.
In this study, stone crayfish were found in streams with widths from 0.7-7.5 m.Ďuriš et al. (Kozubíková et al., 2006) . Unfortunately, the populations at two of the localities monitored in this paper (the lower part of the Úpoř brook and Hýskovský brook) were recently decimated by crayfish plague (Kozubíková et al., 2006) .
